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The wavelengths of sunlight considered to be respon-
sible for erythema and skin cancer formation are in the 
range 290-340 nm. Formulated sunscreens usually con-
tain an agent that absorbs in this wavelength region, 
and one of the most widely used is para-aminobenzoic 
acid (PABA). Previous work has demonstrated the sen-
sitization by PABA of the lethal and mutagenic effects of 
near-ultraviolet (UV) radiation in a model bacterial sys-
tem. 
Experiments with the mouse lymphoma L5178Y cell 
line have now demonstrated sensitization by PABA of 
the lethal effect of near-UV radiation, the extent of 
which, after correction for absorption of UV radiation 
by PABA, bears a direct relationship to PABA concen-
tration. 
The limitations of these results in predicting the re-
sponse of human skin to the presence of PABA during 
exposure to UV radiation is emphasized. 
The acute response of previously unexposed human skin to 
sunlight is the production of erythema and edema. While su-
perficial sunburn may lead to tanning due to oxidation of 
melanin in t.qe epidermis, overexposure to sunlight results in 
blistering and desquamation. Carefully controlled exposure to 
sunlight may lead to further melanin production and deeper 
tanning. The chronic responses of human skin to sunlight 
include prematUTe aging of skin, extensively studied by Kligman 
[1], and skin cancer formation, implicated by Urbach [2] and 
others. 
A sunscreen agent may be used by the normal individual to 
reduce the effects of acute overexposUTe to sunlight and may 
be of particular value in affording protection from the chronic 
effects in those whose life-style demands excessive exposUTe to 
sunlight. Sunscreen agents may also be used to reduce the 
extent of abnor~al response to sunlight, including the preven-
tion of phototoxic and photoallergic responses to some drugs. 
The formulation of sunscreen preparations may include 
agents that act as a simple opaque barrier, such as titanium 
dioxide. More often, sunscreen agents are used that absorb the 
relevant wavelengths of light, the energy being dissipated as 
heat, or transferred to adjacent molecules. FUTther agents may 
promote tanning by stimulation of melanin production. 
The criterion most often used in testing the efficacy of 
sunscreen agents is the increase in minimum erythemal dose 
(MED) of sunlight or ultraviolet (UV) radiation on intact 
human skin [3-5]. There are, however, no tests at present for 
the effect of sunscreens on the UV radiation-induced aging of 
skin or skin cancer induction. Recent work suggests that some 
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dermatologic preparations marketed for use during sunbathing 
themselves have adverse effects in the presence of UV radiation. 
It has been shown, using bacterial and mammalian cells in 
vitro, that 5-methoxypsoralen (5-MOP) considerably increases 
t he mutagenic properties of UV radiation [6]. This response 
may be explained by the specific formation of DNA-psoralen 
adducts, well documented in the case of other structurally 
related psoralens such as 8-methoxypsoralen (8-MOP) [7]. 
A more general way in which photosensitized damage of 
genetic material might OCCUT is by the transfer of radiation 
energy to DNA via the triplet state of an exogenous chemical. 
This process has been studied in chemical and biologic systems 
using triplet-state sensitizers, such as acetone, acetophenone, 
and benzophenone [8,9]. More recently, sensitization by para-
aminobenzoic acid (PABA), a common ingredient in sunscreen 
preparations, has been demonstrated in a model bacterial sys-
tem in terms of both increased lethality [10] and increased 
mutagenicity [11] dUTing UV irradiation. The triplet-state en-
ergy of P ABA is such that this sensitization may take place via 
the same mechanism. 
The relevance of a bacterial system as an indicator of human 
response is unknown. This paper describes the results of exper-
iments on the sensitization by PABA to 313 nm, ne,u-UV 
radiation, in a mammalian celi line. It is emphasized that the 
mammalian cells used, mouse lymphoma celis, do not approxi-
mate normal human skin celis, but it is hoped that the results 
obtained provide better evidence of the general biologic effect 
of a sunscreen, PABA, on expOSUTe to solar radiation. The 
wavelength used was considered to be representative of the 
harmful solar UV radiation reaching t he earth 's surface, while 
being an intense mercury emission peak [Tom the UV radiation 
source lIsed in the laboratory. 
MATERIALS AND METHODS 
Cell Line 
The murine lymphoma cell Line L5178Y was kindly supplied by Dr. 
C. F. Arlett, M.R.C. Unit, Falmer, Sussex. This cell Line originated from 
an ascitic tumor in DBA/2 mouse [12]. 
Media 
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Maintenance cultUl"e medium consisted of Fischer's medium for 
leukemic cells of mice (GIBCO, Scotland) supplemented with sodium 
bicarbonate (Flow, Scotland) 1 g per I; sodium pyruvate (Flow) 200 p.g 
per I; L-glutamine (Flow) 20 mg per I; penicillin (Flow) 100,000 IU per 
I; streptomycin (Flow) 100,000 p.g per I, and 10% horse serum (GIBCO) 
(FM10). Dilution and plating medium consisted of the above medium 
with an additional 10% horse serum (FM20). Suspending medium for 
irradiation consisted of Dulbecco's phosphate-buffered saline (Oxoid, 
Basingstoke, UK) supplemented with Dulbecco's mineral salts solution 
(Oxoid) 5 ml per I. The final solu tion (PBS) has a pH of 7.4. 
Stock solutions ofp-aminobenzoic acid (PABA) (Sigma grade, Sigma, 
Poole, UK) were prepared at 0.25% w/v in PBS or 0.5% w/v, 5% v/ v 
dimethylsulfoxide (DMSO) (Sigma) in PBS. The pH was adjusted to 
7.4 with 10 N NaOH solution (Vo\ucon, BDH, Poole, UK), sterilized by 
filtration through a Sartorius 0.2 p.m pore size membrane filter and 
stored at 4°C for up to 1 month. 
Growth Procedu.res 
Cells were maintained in 10 ml FMlO in 25-cm2 tissue culture flasks 
(Sterilin, Teddington, UK) equilibrated with filtered 5% CO2 in air (Air 
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Products, Cru'difT, UK), and incubated at 37°C. Under these condit ions 
t h e cells had a doubling t ime of 10-12 hr. Subcul tures were carried out 
before the cell culture concentration exceeded 5 x 10" ml- I . Cells fo r 
experimenta l purposes were taken in logari thmic phase of growth at a 
concentration of 105 to 5 X 10" ml- I . T he cells were centri fuged at 1500 
rpm in a 15-cm radius rotor for 5 min, the pellet resuspended init ia lly 
in PBS, recentrifuged, and the cells resuspended finally in PBS, con-
taining PABA where specified. 
UV R adiation Source 
The UV radiation source has been described in detail elsewhere 
[ 10]. Briefly it consists of a 200-W super-pressure mercury lamp (Wotan, 
Germany) in conjunction with a Bausch and Lomb high-intensity 
monochromator and a Mylar fti ter, adjusted to an an output of 6-10 
W 1m 2 at 313 nm. Fluences were measured before and after each 
irradiation procedure using a calibrated thermopile (Hilger Watt FT 
17, Margate, UK ). 
UV Irradiation Procedure 
Three-millili ter volumes of ce ll suspension at approximately 105 cells 
m l- I were irradiated in a jacketed l-cm2 quar tz cuvette, the suspension 
b eing held at -0.3°C ± O.I°C throughout irradiation. The suspension 
was stirred using a quar tz paddle so that a correction fo r a bsorbed 
fluence could be made using a Morowitz correction facto r [13]. 
Assessment of Viability 
The plating medium was prepared by the addition of 2.5 ml of 2.5% 
wlv Noble agar (DIFCO, Detroit , Michigan) at 70°C to 22.0 ml of 
F M20, at 37°C, mixing gently and holding at 37°C (FM20 agru·). 
Samples of cell suspension (0.1 ml) as a cont rol and a fter treatment 
were appropriate ly dilu ted. A 0.5-ml sample of the final dilution was 
a dded to the 24.5 ml of FM20 agar at 37°C, mixed gently, and 4 x 5 ml 
volumes pipetted in to 5-cm diameter bacterial grade Petri dishes (Ster-
ilin). The plates were placed in the freezer at -20°C for 15 min to set 
t he agar and then sealed into clear polystyrene boxes (Griffin & George, 
W embley, UK). T he atmosphere in the boxes prior to sealing was 
humidified and gassed with carbon dioxide (Air P roducts) to a suitable 
level for clonal growth, as indicated by the color of the phenol red 
indicator in the medium. 
T he boxes were incubated at 37°C for 10 days, without exposw-e to 
v isible light. The colonies were coun ted fo r each plate, and the mean of 
4 replicates was used to calculate the surviving fraction. 
All manipulation was cruTied out at room temperature 20-26°C 
under red light from Atlas flu orescent bulbs, which do not emi t at 
wavelengths less than 540 nm. 
RESULTS 
Sm-vival cm-ves were obtained for mouse lymphoma L5178Y 
cells irradiated by 313-nm UV radiation in the presence of 
PABA 0.01-0.2% in PBS, and PABA 0.01-0.5% in PBS contain-
ing 5% DMSO, the DMSO being included to increase the 
solubility of P ABA at higher concentrations. The experiments 
at low P ABA concentrations, with and without DMSO, were 
carried out to establish the effect, if any, of DMSO on PABA 
sensitization. Over the range examined, 0.01-0.2%, the sm-vival 
of t he cells irradiated in PABA plus 5% DMSO was less than 
t hat of cells irradiated in P ABA alone. In the absence of PABA 
t he DMSO had no effect on cell viability, and the survival 
curves for L5178Y cells irradiated with 313-nm UV radiation, 
with or without 5% DMSO in the irradiation mixtm-e, were not 
s ignificantly differe nt. The possibility of toxicity of PABA OJ' 
i ts photoproducts directly on either irradiated or unirradiated 
cells was investigated. Holding cells in irradiated or unirradiated 
P ABA solutions for times comparable to those used in irradia-
t ion experiments indicated no significant loss of survival. The 
s W'vival curves obtained in the presence of PABA at all con-
centrations used show an increase in sensitivity to 313-nm UV 
radiation. However , plotted simply using the incident fluence, 
t hese survival curves represent a complex response combining 
t he sensitizing effect of the PABA on the irradiated cells, and 
the effect of the absorbance of the UV radiation by PABA, 
reducing the effective fluence reaching the cells. In order to 
separate these two components, absorbance values for each 
concentration of PABA, with and without DMSO, were deter-
mined using 313-nm UV radiation from the irradiation source 
and monochromator. Thermopile readings were taken with the 
P ABA solutions in a 1-cm1 quartz spectrophotometer cuvette 
placed immediately in front of the thermopile. T his reduces 
any error due to scattered light that occurs with the design of 
some spectrophotometers, when used to measm-e the optical 
density of cell suspensions [14]. A plot of absorbance against 
P ABA concentration gave a linear relationship up to 0.1% 
P ABA, after which the increase in absorbance tended to pla-
teau. In order to correct the incident fluence of UV radiation 
given for absorption by PABA, an absorbance value at each 
P ABA concentration used experimentally is required. The non-
linearity of the plot necessitated point values (mean of 3 exper-
iments) being taken for each PABA concentration. 
A fluence correction factor , to account for absorption of UV 
radiation, was calculated using a modified Morowitz correction 
for a stirred suspension [13]. Values for absorbance and fluence 
correction factors are included in T able 1. The effect of the 
fluence correction factor on the survival curve is illustrated in 
Fig 1. The survival for the highest concentration of PABA 
T ABLE 1. Parameters used in the determination of L5178Y cell 
su.rvival and p hotosensitization by PABA in the a.bsence or presence 
of 5% DMSO after near· UV irradiation 
PABA alone PABA+5% DM 0 
PABA Sensiti- Sensiti-
conc. A" FCF ' D .. { 7..a tion ,1 A FCF D,o zation 
ratio ratio 
0.00 0.00 1.000 5.5 1.0 0.06 0.976 5.5 1.0 
0.01 0.11 0.884 6.6 0.9 0.16 0.835 6.0 1.1 
0.02 0.20 0.800 4.5 1.5 0.25 0.760 4.1 1.7 
0.05 0.45 0.623 3.7 2.4 0.50 0.594 3.2 2.8 
0.10 0.79 0.461 3.3 3.6 0.85 0.439 2.5 4.9 
0.20 1.24 0.331 2.8 5.9 1.39 0.300 2.1 8.5 
0.30 1.66 0.256 1.9 11.1 
0.40 1.77 0.241 1.9 11.7 
0.50 1.87 0.229 2.2 10.7 
" Absorbance of PABA solu tion at 313 nm. 
/, F luence correction factor-to correct incident fluence for absorb-
ance by PABA to give flu ence received by cells. 
,. Incident flu ence to reduce viability to 10% (kJm- 2). 
d Ratio of D IO in the absence of PABA to DIO in the presence of 
P ABA after correction fo r absorption. 
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FIG 1. Survival curves of L5178Y cells after near-UV irradiation. No 
PABA or DMSO (0 ); no PABA with 5% DMSO (0 e ); 0.2% PABA 
(6 A) , 0.2% P ABA with 5% DMSO (0 . ). T he open and closed symbols 
represent uncorrected and corrected fluences, respectively. The survival 
curves were chosen to illustrate the sensitization by PABA, the in-
creased sensitization observed in the presence ofDMSO, and the effect 
of correcting the incident fluences for absorption by the PABA. 
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studied, 0.2% both with and without DMSO, together with the 
respective controls is plotted using incident fluence and average 
fluence per cell. Survival CUl'ves for a selection of P ABA con-
centrations, plotted using average fluences are shown in Fig 2. 
The data from the survival curves for the full range of PABA 
concentrations used were analyzed using both average and 
incident fluences. The incident fluences for 10% survival (DIU) 
are included in Table I. In addition, the Dw values obtained 
using average fluences were used to calculate a sensitization 
ratio, defined as the ratio of DIO values in the absence of and in 
the presence of each concentration of PABA. 
DISCUSSION 
The results obtained may be interpreted from two viewpoints, 
either as a fundamental process or in terms of their possible 
consequences. In order to evaluate the photosensitization proc-
ess occurring during near-UV irradiation in the presence of 
PABA, the survival data obtained have to be corrected for 
absorption of incident fluence by the suspension. As a measure 
of sensitivity, the fluence required to produce a sUJ'vival of 10%, 
the D IO value, has been used. 
The fluences required to produce survival levels of 10% in 
th e presence of a range of concentrations of PABA, corrected 
for absorbance as described in Materials and Methods, have 
been expressed as a ratio of the f1uence required for 10% survival 
in the absence of PABA. These ratios, called the sensitization 
ratios, have been plotted in Fig 3A. There is a linear relationship 
up to 0.2% PABA after which the effect remains approximately 
constant. A possible mechanism for this sensitization process 
may be absorption of energy as UV radiation by the PABA and 
transfer of this energy via the triplet state of PABA to pyrimi-
dines in the DNA. The lowest triplet state of PABA, judged by 
its phosphorescence emission spectrum in ethanol, is at about 
26,000 wave numbers [15). This is sufficiently close to the lowest 
triplet state of thymine fm' triplet-triplet energy transfer to 
OcClU' as described by Lamola [9] for acetophenone. In addition, 
it has recently been shown by chromatographic analysis of 
irradia~ed DNA that t here is a significant increase in pyrimidine 
dimer formation when PABA is present during near-UV irra-
diation [15). Evidence with a model bacterial system has dem-
onstrated an increase in the proportion of damage susceptible 
to the PYl'inlidine dimer specific repair process of photoreacti-
vation when PABA is present during near-UV irradiation. 
Quantitatively, the sensitization ratio observed with mouse 
lymphoma cells is similar, about 5 at 0.1% (see Fig 3A) com-
UV RADIATION fLUENCE (KJm.2 ) 
FIG 2. Survival curves of L5178Y cells aftel' near-UV il'l'acliatiQn, 
corrected for UV absorption by the PABA: for a range of PABA 
concentrations with 5% DMSO. No PABA (0 ),0.01 (6 ),0.02 (0) , 0.05 
(e), 0.10 (.a.), 0.20 (_), and 0.30% PABA (.) . 
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F IG 3. A , DIU values corrected for absorption of the incident fluence 
and expressed as a ratio of the Dill in the absence of PABA-the 
sensit ization ratio: plotted against concentration of PABA, in the 
presence of 5% DMSO, for L5178Y cells, after near-UV irradiation. B, 
Uncon ected Dill values for near-UV inadiated L5178Y cells plotted 
aga inst concentration of PABA, in the presence of 5% DMSO. 
pared with about 6 at 0.1 % in Escherichia coli [10). This further 
supports the concept that the sensitization process is a funda-
mental one acting on DNA. 
The results shown in Fig 3 and discussed above have been 
taken from the series in Table I in which DMSO has been 
included as a solvent to enable the use of higher concentrations 
of PABA. When compru'ison with the series without DMSO is 
possible, i.e., at concentrations of PABA of 0.2% and below, it 
can be seen that DMSO increases the effect of PABA 10-20%. 
As DMSO has no effect on the sensitivity of L5178Y cells to 
313-nm UV radiation in the absence of PABA, it is suggested 
t hat the DMSO may be acting by increasing the permeability 
of the cell wall to the PABA. 
In the experimental system used here, the net effect of the 
sensitization by PABA and the absorption of incident radiation 
by PABA is described by plotting the observed sensitivity, 
against the concentration of PABA. This has been carried out 
using the DIU values and is shown in Fig 3B. A dose of 5.5 kJm- 2 
of 313-nm neru'- UV radiation is required to produce 10% sur-
vival in the absence of PABA. This is reduced to 2.5 kJm- 1 in 
the presence of 0.1% PABA, and remains at about 2.0 kJm-~ up 
to 0.5% PABA. Thus the net effect of the presence of PABA 
dlU'ing near-UV irradiation is to produce an increase in sensi-
tivity as assessed by the DIU values, of up to at least 2-fold . 
The relevance of these results to the use of PABA as a 
sunscreen agent on human skin is not known. The end point 
used has been cell inactivation, whereas mutation may have 
more meaning in relation to the hazard of sunlight-induced skin 
cancer. However, we have shown a parallel increase in inacti-
vation and mutation in a bacterial system [10,11]' Secondly, it 
is recognized that mouse cells do not always predict the re-
sponse of human cells, in particular due to their possible low 
efficiency in some repair processes. Thirdly, it is emphasized 
that the response of any cells in tissue culture does not neces-
sarily predict a similar response in human skin. In this respect 
Forbes, Davies, and Urbach [16] have correlated the photo-
mutagenic properties ofS-MOP in vitro with photocarcinogenic 
activity in vivo in mice, but in contrast did not observe any 
significant increase in photocarcinogerucity in the presence of 
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anthracene, another compound shown to be photomutagenic in 
vitro. 
In the case of PABA, in vivo experiments with h airless mice 
by Snyder and May [17J demonstrated protection from skin 
tumor formation induced by 7,12-dimethylbenzanthracene plus 
UV radiation. More recently Kligman, Akin, and Kligman [18J 
have demonstrated protection from UV photocarcinogenesis by 
s unscreen agents on mouse skin . However these studies were 
confined to oxybenzone and octyl dimethyl PABA. Both agents 
m'e water-insoluble in contrast to PABA, and oxybenzone has 
been shown not to sensitize t he formation of pyrimidine dimers 
(15]. 
In summary, our results with mouse lymphoma cells in vitro 
clearly demonstrate increased cell inactivatio n by near-UV 
radiation when PABA is present. However it must be strongly 
emphasized that these results may not be taken as evidence 
that PABA will be photocarcinogenic in human kin in vivo. 
Nevertheless it is felt that topically app lied pharmaceutical and 
cosmetic preparations, particu larly sunscreen agents, should be 
screened for their effect on induction of damage by near-UV 
radiation and that in vitro tests may contribu te information to 
a sui table screening protocol. 
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